A relationship between social deprivation and the incidence of fracture in adolescents has not previously been shown. We have used a complete fracture database to identify adolescents who sustained fractures in 2000. The 2001 Scottish census was used to obtain age-specific population and deprivation data according to the Carstairs score. Regression analysis determined the relationship between the incidence of fractures and social deprivation.
The epidemiology of paediatric and adult fractures has been examined extensively, [1] [2] [3] [4] [5] [6] but the adolescent group which spans these two categories has received very little attention. Most paediatric studies include patients up to 14 or 16 years of age while adult studies usually start at 14 years. It has been acknowledged that there is an increase in the incidence of fractures in young males, 1,2 but the precise epidemiology of fractures in adolescents has not been studied. We therefore undertook an epidemiological study of fractures in adolescents with particular reference to the role of social deprivation in this group of patients. It has been shown that this is an important factor in childhood injury [7] [8] [9] and we hypothesised that it was also a major factor in fractures in adolescents.
Patients and Methods
All patients with fractures in the City of Edinburgh, Midlothian and East Lothian areas, present to one of two hospitals for diagnosis and treatment. The regional paediatric hospital admits patients up to 14 years of age and the adult trauma centre treats adults. All patients with fractures seen in the two Accident and Emergency Departments are referred to fracture clinics where the diagnoses are confirmed and the fractures treated. Prospectively collected databases of all inpatients and outpatients with fractures are kept in each hospital. For the purposes of this study, all patients who presented to both hospitals in the year 2000 were examined. To determine the incidence of fractures we used identical methods to those described in previously published papers on the epidemiology of fractures in children and adults.
1,2 All radiographs were reviewed by an orthopaedic surgeon (CMC-B) or a research fellow to minimise diagnostic error. The site of the fracture was recorded using standard anatomical descriptions and all fractures were listed separately. We excluded skull and rib fractures from the analysis. All the fractures in the adolescent groups were incorporated in a single database.
The fractures were assigned to one of five groups according to the AO classification. 10 Group A included fractures of the distal radius (AO 23), group B those of the hand and wrist (AO 24 to 26), group C fractures of the pelvis and lower limb (AO 6, 31 to 43), group D those of the foot and ankle (AO 44, 80 to 89) and group E, those of the clavicle and proximal upper limb (11 to 22).
We defined the adolescent population as being those patients aged between ten and 19 years, which we subdivided into male and female junior (10 to 14 years) and senior groups (15 to 19 years).
Comparative data for our group was obtained from the Scottish 2001 census 11 which provided population statistics by age and gender within each postcode sector in our defined area. The 2001 census gave population statistics closest in date to our data from 2000 and was therefore used to determine the overall and group-specific incidence of fractures.
The Carstairs and Morris index 12 was used to assess social deprivation. This is commonly used as an indicator of socio-economic status in health research in the United Kingdom. The scores are published for each postcode sector in Scotland. 13 The Carstairs deprivation category is a categorical variable derived from the index of deprivation with values ranging from 1 (most affluent) to 7 (most deprived). A Carstairs score was allocated to each adolescent patient according to their home postcode at the time of injury. The database of fractures in adolescents, the 2001 census population statistics and the Carstairs scores were used to determine the gender, postcode and age-groupspecific incidence of fractures in theadolescent population for the year 2000. Statistical analysis. Regression analysis was used to determine the age-group and gender-specific influences of social deprivation on the incidence of fractures and to determine the influence of social deprivation on specific patterns of fracture. Analysis was performed using the incidence of fracture in each postcode sector as the outcome variable and the Carstairs score as the predictor variable. We then performed the same regression procedure on each of our four cohorts grouped by age and gender. Values were weighted by the size of the population in each postcode sector. A p-value of < 0.05 was considered to be significant.
Results
Analysis of the database showed that there were 1706 fractures in 1574 patients (1083 males, 491 females). The overall incidence was 24.3 per 1000 per year and 72% occurred in males (Table I) . Curves of the incidence of the whole population in the year 2000 ( Fig. 1) showed that male adolescents had an incidence of 38.3 per 1000 per year and that this was second only to the incidence of fractures in women over 80 years of age (45.5 per 1000 per year). A progressive rise was found in fractures up to 13 years of age in boys and to 11 years in girls. After this there was a decline in incidence in both genders although this was more pronounced in females and at 19 years of age the incidence in males was 3.6 times that in females (Fig. 2) .
Comparison of the incidence of different fractures in the adolescent group with that of the paediatric group (0 to 13 years) and the adult group (> 14 years) showed that the most common fractures seen in adolescence were those of the distal radius and ulna, phalangesin the hand, metacarpus, clavicle and metatarsus (Table I) . These accounted for 73.6% of all adolescent fractures and 73% of them occurred in males. In addition, fractures of the carpus, THE JOURNAL OF BONE AND JOINT SURGERY metacarpus and phalanges in the hand were found to be particularly common in adolescence, with 34.6% of all fractures of the hand occurring in this age group. The fracture incidence for each deprivation category for male and female junior and senior adolescents is shown in Figures 3 and 4 . Weighted linear regression analysis showed a significant relationship between social deprivation and fracture incidence in both junior (p = 0.014) and senior adolescent males (p = 0.011) and a highly significant relationship in senior adolescent females (p < 0.001). However, there was no significant relationship in junior adolescent females (p = 0.08). Regression analysis also showed that the Carstairs index significantly predicted fracture incidence in our entire population (p = 0.001; coefficient = 0.09).
With regard to specific types of fracture we found that social deprivation was an independent and significant predictor of risk in fractures of the hand (group B) in senior adolescent males (p < 0.001), fractures of the upper limb (group E) in junior adolescent males (p = 0.009) and in fractures of the upper limb (group E) and distal radius (group A) in senior adolescent females (p < 0.001). The results of weighted regression analysis using the Carstairs score to predict specific types of fracture by age, group and gender are shown in Table II .
Discussion
We suspect that fractures in adolescents have received little attention in the medical literature mainly because such injuries are traditionally grouped by age and are presented as being either paediatric or adult. In a recent analysis of the fracture distribution curves seen in children (0 to 15 years), Rennie et al 2 drew attention to the fact that in a number of such fractures there was a unimodal incidence peak in late childhood which probably extended into adulthood. An arbitrary division of fractures into paediatric and adult prevents an understanding of the frequency of these particular injuries, but it is clear from Table I that there are categories of fracture which are commonly seen in adolescence and those which are less common in childhood and in the adult years. The most obvious examples are those of the hand, metatarsus, phalanges of the foot, ankle, tibial diaphysis and spine.
There are a number of other fractures which are more common in childhood. The most obvious example is fracture of the distal humerus which has a very high incidence in childhood and a low incidence in the adult. Table I shows that other examples include fractures of the diaphysis of the forearm and distal tibia. Additionally, Table I indicates that a number of fractures have a low incidence in childhood, but that this steadily increases in adolescence. These include fractures involving the humeral diaphysis, patella, pelvis and calcaneus. It is interesting to note that fracture of the proximal forearm has a similar incidence at all ages.
The other striking feature of fractures in adolescents as opposed to those in children or adults is their predominance in males. Almost 75% occur in males (Table I) . This is reflected in the mode of injury with 39.8% of adolescents sustaining their fractures in sporting activities or in assaults or fights, contrasting with 20.2% in children and 24.9% in adults. Analysis of the fractures of the metacarpus and phalanges of the hand showed that 28% were reported to occur in sports and 37.2% as a result of an assault or fight. The predominance of fractures in males is highlighted by the fact that 13-year-old boys have the highest age-related incidence of fractures at 62.9 per 1000 per year. This is only slightly less than the figure of 67.4/1000/year in women aged 90 years or older. 1 The relationship between social deprivation and fractures in adolescents is not surprising but has not previously been demonstrated. All the fractures which are related to social deprivation occur in the upper limb. We believe that the mode of injury is important. Junior adolescent females do not show an association between social deprivation and fracture and it is interesting to note that 42.5% of fractures in this group 14 examined the relationship between tibial diaphyseal fractures and social deprivation and found that the most affluent patients tended to sustain their fractures in sporting activities and the most deprived from an assault or direct blow. Horton, Dias and Burke 15 also failed to show an association between sport-related hand injury and social deprivation. We suggest that the mode of injury is the main causative factor in the relationship between social deprivation and fracture.
There are very few studies on fractures in adolescents and none detailing their epidemiology. However, Konstantynowicz et al, 16 in a study of Polish adolescents aged between 16 and 20 years, showed a similar distribution of types of fracture and also reported an association between fractures in adolescents and those in other family members suggesting patterns of learned behaviour. In a recent study of social deprivation and hand injury Horton et al 15 showed that social deprivation was significantly associated with hand trauma and that the association was most marked in older children and adults. They showed that fractures of the hand, sprains and ligament injuries had the strongest association with social deprivation.
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